Studies in the rodent hippocampus have demonstrated that when the late phase of long-term potentiation (L-LTP) is induced in a set of synapses by suprathreshold stimulation, L-LTP can also be expressed by other synapses receiving subthreshold stimulation, a phenomenon usually referred as "capture of L-LTP." Because the pyramidal neurons in the mammalian hippocampus have both apical and basal dendrites, we have now investigated whether capture of L-LTP, previously described only within the apical dendritic compartment, can also take place within the basilar dendritic compartment and, if so, whether capture can be accomplished from one dendritic compartment to the other. We found that capture of L-LTP can also occur within the basilar dendritic compartment and that the tagging signal that enables capture appears to be the same in both dendritic compartments. However, capture across compartments, between the apical and basilar dendrites, follows different rules and requires a stronger triggering stimulation than capture within a compartment. These results suggest that the tag appears specific to a compartment either apical or basilar and that an additional mechanism may be required to capture across compartments.
Introduction
The induction and maintenance of the late phase of long-term potentiation (L-LTP) require the activation of a molecular cascade that includes signaling to the nucleus, alterations in gene expression, and the synthesis of new gene products that stabilize LTP in activated synapses (Kandel, 2001 ). Different models have been proposed to explain how new gene products come to reside into activated synapses. In the "mail" hypothesis, the newly synthesized mRNAs and proteins are sent specifically to activated synapses. In the "synaptic tag" model, the new gene products reach all of the synapses, both active and inactive, but those gene products can only be captured and used productively at those synapses that have been tagged by local activity, a phenomenon called "synaptic tagging" (Frey and Morris, 1997) . The synaptic tag model has been supported by a number of studies in the rodent hippocampus (Frey and Morris, 1998a,b; Barco et al., 2002; Martin and Kosik, 2002; Pang and Lu, 2004; Barco et al., 2005) and the sea snail Aplysia (Martin et al., 1997; Casadio et al., 1999; Martin, 2002) .
The studies in the hippocampus have been limited to examining tagging and capture within a dendritic compartment Morris, 1997, 1998a; Barco et al., 2002) . However, a typical CA1 pyramidal neuron has both an apical and a basilar compartment that are distinctively innervated by other CA1 neurons, CA3 neurons, the entorhinal cortex, the amygdaloid complex, and the thalamus (Amaral and Witter, 1989; Deuchars and Thomson, 1996; Dolleman-Van Der Weel and Witter, 1996; Pikkarainen et al., 1999) . The information received from these different inputs is processed and integrated in the apical and basilar dendrites of the CA1 pyramidal neuron to enable the encoding and storage of spatial, contextual, and relational information. Apical and basilar dendrites also differ in morphology, biophysical properties, and LTP induction and expression (Arai et al., 1994; Haley et al., 1996; Son et al., 1996; Cavus and Teyler, 1998; Leung and Shen, 1999; Kloosterman et al., 2001; Kawakami et al., 2003; Kramar and Lynch, 2003) . These differences could conceivably play an important role during the integration of afferent inputs in CA1 pyramidal neurons.
Here we examine both the basal and the apical dendrites, and we asked two questions. (1) Does synaptic capture take place in the basilar compartment similarly to what is observed in the api-cal compartment? (2) Does capture occur across dendritic compartments?
We found that capture of L-LTP within the apical or basilar dendritic areas appears to require the same physiological tagging process (one train of tetanic stimulation). In contrast, the capture of L-LTP across dendritic compartments follows different rules. Cross-compartment capture could only be achieved with a stronger triggering stimulation, such as two trains of tetanic stimulation. The compartmental restriction of synaptic tagging suggests a model according to which the availability of gene products after the onset of L-LTP is not neuron wide but compartment specific. An additional and yet unspecified activity-mediated mechanism is necessary for transcompartmental capture.
Materials and Methods
Electrophysiology. Transverse hippocampal slices (400 m) from C57BL/6 mice (3-4 months old) were incubated in an interface chamber (tissue slice recording chamber 21000-03; Fine Science Tools, Foster City, CA) at 27-28°C, subfused (flow rate of 6 ml/min) with oxygenated artificial CSF (ACSF) (in mM: 119 NaCl, 4.0 KCl, 1.5 MgSO 4 , 2.5 CaCl 2 , 26.2 NaHCO 3 , 1 NaH 2 PO 4 , and 11 glucose), and allowed to equilibrate for at least 120 min. All procedures were performed in compliance with the Institutional Animal Care and Use Regulations of Columbia University. Field EPSP (fEPSPs) from CA1 pyramidal cells were recorded from either apical or basal dendritic compartments by placing both stimulating (concentric bipolar electrode CBARD60; Frederick Haer Company, Bowdoinham, ME) and recording (micropipette filled with ACSF; pipette resistance of 5-10 M⍀) electrodes in the stratum radiatum or stratum oriens of the CA1 area, respectively. Before every experiment, synaptic input/output curves were generated, and the stimulation intensity was adjusted to give fEPSP slopes of ϳ40% of maximum. Baseline, during, and after stimuli responses were sampled once per minute at this intensity (test pulse duration of 50 s). Dual recording within the apical dendritic compartment was performed as described previously (Barco et al., 2002) . By placing one stimulating and one recording electrode in the stratum oriens and another pair of electrodes in the stratum radiatum, we performed simultaneous recording from the basilar and apical dendritic compartments. Both recording electrodes tips formed a vertical line that was perpendicular to the line formed by the stratum pyramidale. For each set of dual-recording experiments, we ensured pathway independency by testing paired-pulse facilitation (Katz and Miledi, 1970) at 50 and 100 ms interpulse intervals between afferents within the apical dendritic area (Table 1) , within the basal dendritic compartment (Table 2) , and across dendritic compartments (Table  3) . For two-pathway experiments in the stratum oriens, we chose stimulating electrodes with narrower tips (concentric bipolar electrode CBAED75; Frederick Haer Company) to minimize crossinterference between pathways attributable to the spatial restriction in that dendritic compartment.
Drugs. Actinomycin-D at 40 M (ICN Biomedicals, Aurora, OH), anisomycin at 20 M, and KT5720 [(9S,10 R,12 R)-2,3,9,10,11,12-hexahydro-10-hydroxy-9-methyl-1-oxo-9,12-epoxy-1 H-diindolo-[1,2,3-fg:3Ј,2Ј,1Ј-kl] pyrrolo [3,4-i] [1,6]benzodiazocine-10-carboxylicacid hexyl ester] at 1 M (Calbiochem, La Jolla, CA) and kynurenic acid at 3 mM (Sigma, St. Louis, MO) were used. When necessary, dimethylsulfoxide (DMSO) (Sigma) was used to help dissolve a drug (DMSO final concentration was no higher than 0.001% DMSO/ACSF). To rule out any effect of these drugs on baseline stability, we performed recordings in the stratum oriens and the stratum radiatum and found that baseline field potentials were not affected by actinomycin-D, anisomycin, and KT5720 at the concentrations and incubation times used in our study (supplemental Table 4 , available at www.jneurosci.org as supplemental material). In addition, our previous study (Barco et al., 2002) showed that VP16-cAMP response element-binding protein (CREB) expression did not affect the stability of baseline field potentials or basal synaptic transmission.
Statistical analysis. ANOVA analysis and Student's t test were performed using the Origin statistical tool (Microcal Software Northampton, MA). For each set of drug-treated experiments, independent vehicle-control experiments were done. In the text, n represents the number of animals. For single-pathway experiments, the number of slices tested (no more than two per animal) was also included in the statistical n. For matters of space and clarity, in some figures and tables, controls and vehicle conditions are shown as pooled data, but all statistical analyses are refereed to the corresponding control or vehicle condition. Data in the text and tables were presented as mean Ϯ SD, whereas in figures, they were presented as mean Ϯ SE (except in bar graphs, expressed as mean Ϯ SD). The difference between the experimental data were considered significant at p Ͻ 0.05.
Results

Synaptic capture of L-LTP is similar in apical and basal dendrites
We recently reported the capture of L-LTP between two independent inputs within the stratum radiatum of the apical dendritic area of CA1 pyramidal neurons of the mouse hippocampus (Barco et al., 2002) . Similarly to what was first described in rats Morris, 1997, 1998a) , a single 100 Hz train, which normally produces only the early phase of LTP (E-LTP), evoked L-LTP when L-LTP was previously induced by four trains at the other input (supplemental Fig. 3B , available at www.jneurosci.org as supplemental material) (for additional information, see Barco et al., 2002) . In addition, we found that the expression of captured L-LTP was markedly sensitive to protein kinase A (PKA) activity and partially dependent on protein synthesis (see summary on Fig. 7D ). To further characterize the process of synaptic capture, we now extend our study from the apical dendrites to the basilar dendrites.
Relatively few studies on L-LTP have been performed in basal dendrites (Otani et al., 1995; Son et al., 1996; Bradshaw et al., 2003) . We therefore first characterized the general properties of Change (percentage) in the S1 fEPSP slope amplitude after S2 stimulation. Table 3 . Two-pathway paired-pulse facilitation between inputs in the stratum oriens (S1) and the stratum radiatum (S2) (mean ؎ SD) L-LTP in basal dendrites in the stratum oriens of CA1 neurons and found that the properties of L-LTP were very similar in apical and basal dendrites. In both compartments, repeated trains of tetanic stimulation led to L-LTP ( Fig. 1 A, B) . Moreover, L-LTP in basal and apical dendrites showed similar pharmacological properties, i.e., both were blocked by inhibitors of transcription and translation ( Fig. 1 A, B) .
To test whether synaptic capture takes place in the basilar compartment, we performed two-pathway experiments within this compartment similar to those described for apical dendrites (Barco et al., 2002) . We found that a single train of 100 Hz delivered to one pathway (S1) evoked E-LTP in that pathway without affecting the baseline in the second one (S2) (Fig. 2 A) . However, the induction of L-LTP by four trains of 100 Hz in one pathway within the basilar compartment was accompanied by a significant and transient modification of the baseline in the other pathway ( Fig. 2 B) . The most likely explanation for the effect on the baseline of the S2 pathway is that the spatial restriction of the stratum oriens increases presynaptic interference between the two pathways (supplemental Fig. 1 , available at www. jneurosci.org as supplemental material). However, we cannot rule out the existence of heterosynaptic forms of synaptic plasticity in basal dendrites that may account for this effect (Otani et al., 1995) . Despite this limitation, we did observe capture of L-LTP within the basilar compartment ( Fig. 2C : S1, 120 -150 min mean amplitude, 151 Ϯ 10%; S2, 25-40 min mean amplitude, 124 Ϯ 8%; S2, 120 -150 min mean amplitude, 148 Ϯ 16%). Additionally, we found that the expression of the capture of L-LTP in basal dendrites was sensitive to protein synthesis and PKA activity (Fig. 2 D: S2 control, 120 -150 min mean amplitude, 159 Ϯ 13%; S2 anisomycin, 120 -150 min mean amplitude, 132 Ϯ 14%, p ϭ 0.04; S2 KT5720, 120 -150 min mean amplitude, 126 Ϯ 12%, p ϭ 0.03). Our data on synaptic capture at basal dendrites corroborate those in apical dendrites (Barco et al., 2002) and support the hypotheses of Frey and Morris (1997) in the hippocampus and Martin et al. (1997) in Aplysia that newly made gene products are available to synapses other than those that triggered their synthesis.
Synaptic tagging in basal and apical dendrites
One single train of high-frequency stimulation is sufficient to trigger intracompartmental capture of L-LTP in both dendritic compartments, suggesting that synaptic tagging depends on similar signals in apical and basal dendrites. To further explore the mechanism of capture in both compartments, we investigated synaptic tagging and capture of L-LTP using two other paradigms. First, we used antidromic stimulation of CA1 pyramidal cell axons, which leads to the induction of gene expression and reduces the threshold for L-LTP so it can be achieved by a single train of stimulation (Dudek and Fields, 2002) . Second, we investigated the LTP phenotype in basal and apical dendrites of VP16-CREB transgenic mice. In this line of genetically modified mice, there is enhanced expression of CRE-driven genes and facilitated L-LTP (Barco et al., 2002) . In both experimental models, nuclear activation and induction of CRE-driven gene expression can be achieved in the absence of previous synaptic activation and, consequently, tagging. Therefore, using these models, it was possible to dissect tagging from the induction of L-LTP. We found that, after antidromic stimulation of the pyramidal cells by four trains of 100 Hz (5 min intertrain interval) delivered to the alveus, a single train of 100 Hz could induce capture of L-LTP in either basilar (Fig. 3A) or apical (Fig. 3B ) dendritic compartments. Similarly, we found that, in VP16-CREB mice, one train of 100 Hz can successfully induce L-LTP in both basilar (Fig. 3C ) and apical ( Fig. 3D ) dendritic compartments. Moreover, similar to the facilitated L-LTP in VP16-CREB mice (Barco et al., 2002) , we found that both apical and basilar capture of L-LTP induced after antidromic stimulation are blocked by PKA inhibitors and reduced by inhibition of protein synthesis (Fig. 3 A, B ) (see Fig. 7D ), two properties also observed in the case of intracompartmental synaptic capture (Barco et al., 2002) . Because in these two protocols the marking signal circumvents synaptic-mediated nuclear activation, these results suggest that the same, or at least a very similar, mechanism may underlie synaptic tagging and capture in basilar and apical dendrites.
A single train fails to capture L-LTP across dendritic compartments
Because capture of L-LTP is possible within both the apical dendritic compartment and the basilar dendritic compartment. We next asked the following: does capture of L-LTP also occur across these two dendritic compartments? To perform these transcompartmental capture experiments, two independent synaptic inputs to the same neuronal population, located, respectively, in the stratum oriens and stratum radiatum, were stimulated using the same protocol described in our experiments in apical and basal dendrites. We found that, after the induction of L-LTP at apical dendrites, a single train of 100 Hz, which would be sufficient to capture L-LTP in the same compartment, was not sufficient to capture L-LTP at basal dendrites ( Fig. 4 A: S1, 120 -150 min mean basal amplitude, 101 Ϯ 10%; S2, 120 -150 min mean apical amplitude, 179 Ϯ 15%). Similarly, when L-LTP was previously induced at basal dendrites, a single train of 100 Hz applied to apical dendrites was not sufficient either to evoke capture of L-LTP in apical dendrites (Fig. 4 B: S1, 120 -150 min mean basal amplitude, 167 Ϯ 11%; S2, 120 -150 min mean apical amplitude, 108 Ϯ 9%).
Dendritic compartment-specific tagging
The failure to induce capture of L-LTP across dendritic compartments with the same electrical stimulus (one train at 100 Hz) that successfully induced capture of L-LTP within compartments suggests that synaptic tagging is compartment specific and that capture across compartments requires additional components than the activation of a synaptic tag. We therefore explored whether other parameters that may affect synaptic capture, such as (1) the intensity of the priming stimuli, (2) the time interval between the induction of L-LTP and the induction of capture of L-LTP, or (3) the distance between the nucleus and the site for L-LTP capture, might influence transcompartmental capture.
First, increasing the intensity of the priming signal at the site of initial marking from four to eight trains of 100 Hz in either apical or basilar dendrites did not promote the capture of L-LTP in the second compartment (Fig. 5A : S1, 180 -210 min mean basal amplitude, 171 Ϯ 12%; S2, 180 -210 min mean apical amplitude, 117 Ϯ 12%; and data not shown).
Second, decreasing or increasing the time interval for delivery of the gene products from 45 min to 15 or 90 min, respectively, also failed to produce capture of L-LTP across dendritic compartments (Fig. 5B: 15 min interval, S2 , 150 -180 min mean apical A, When L-LTP is evoked on apical dendrites (S2, filled circles), one train of 100 Hz (1 HFS) fails to elicit capture of L-LTP in basal dendrites (S1, filled squares; n ϭ 6). B, When L-LTP is evoked in basal dendrites (S1, filled squares), one train of 100 Hz (1 HFS) fails to elicit capture of L-LTP in apical dendrites (S2, filled circles; n ϭ 6. Calibration: 1 mV, 10 ms. Data are represented as mean Ϯ SEM.
amplitude, 117 Ϯ 10%; Fig. 5C : 90 min interval, S2, 150 -180 min mean apical amplitude, 118 Ϯ 14%). These results indicate that the failure was not dependent on the time interval between stimuli delivered to each dendritic compartment.
Third, varying the distance between the capture site and the nucleus did not promote capture of L-LTP across dendritic compartments. Transcompartmental capture of L-LTP equally failed when tested at either the proximal or the distal stratum radiatum dendrites after L-LTP was originally induced at the basilar dendrites (supplemental Fig. 2 , available at www. jneurosci.org as supplemental material). Moreover, apical intracompartmental capture of L-LTP was not enhanced when the capture site was closer to the nucleus, and we still observed capture of L-LTP within this compartment when the spatial separation between the two sites was similar than that used in transcompartmental capture (supplemental Fig. 3 , available at www.jneurosci.org as supplemental material).
Finally, we considered that the failure for capturing L-LTP across compartments could be attributable to a restricted (i.e., compartment specific) utilization of gene products. Perhaps the induction of inputspecific L-LTP by repeated tetanic stimulation at either the stratum oriens or at the stratum radiatum promotes the distribution of gene products primarily in the same dendritic compartment in which this priming signal was given. Consequently, the utilization of gene products in a different compartment may need a stronger tagging signal.
In the attempt to assess different tagging signals, we used two trains of 100 Hz (30 s intertrain interval). This stimulation elicits an intermediate phase of LTP (I-LTP) (Winder et al., 1998) in both basal and apical dendrites, with transient levels of potentiation that lasts up to 3 h (Fig. 6 A, B) . This form of I-LTP exhibited, in both dendritic compartments, a strong requirement for PKA activity, a rather modest requirement for protein synthesis, and no requirement for transcription (Winder et al., 1998; Woo and Nguyen, 2003) (Fig. 6 A, B) (supplemental Table 1 , available at www.jneurosci.org as supplemental material) (but see Tsokas et al., 2005) . We tested the ability of I-LTP-inducing stimuli to capture the late phase of LTP across compartments and found that two trains of 100 Hz delivered to afferents fibers on basal dendrites after the induction of L-LTP at apical dendrites successfully captured a late-phase LTP lasting Ͼ3 h (Fig. 6C) . Similar results were obtained when we evoked L-LTP at basal dendrites and applied I-LTP-inducing stimuli to afferents fibers on apical dendrites (Fig. 6 D) . These data indicate that the capture of L-LTP can indeed occur across dendritic compartments, but it requires a stronger tagging stimulus than intracompartmental capture of L-LTP (supplemental Fig. 4 , available at www.jneurosci.org as supplemental material).
We then investigated some biochemical properties of the A, An increase in the number of 100 Hz trains (8 HFS) delivered to basal dendrites (S1, filled squares) did not facilitate capture of L-LTP in apical dendrites (S2, filled circles; n ϭ 6). B, One train of 100 Hz (1 HFS) fails to elicit capture of L-LTP in apical dendrites (S2, filled circles) 15 min after L-LTP is evoked on basal dendrites (S1, filled squares; n ϭ 6). C, One train of 100 Hz (1 HFS) fails to elicit capture of L-LTP in apical dendrites (S2, filled circles) 90 min after L-LTP is evoked in basal dendrites (S1, filled squares; n ϭ 6). S1 and S2 represent independent afferents synapsing on the basal and the apical dendritic compartment, respectively. Data are represented as mean Ϯ SEM. mechanism for transcompartmental capture of L-LTP at the apical dendritic compartment and found that, as in the case of intracompartmental capture, it was sensitive to PKA activation (Fig. 7A, S2 , gray triangles), partially dependent on protein synthesis (Fig. 7B, S2 , gray circles), and not significantly affected by transcription inhibition (Fig. 7C, S2 , gray squares) (for values, see supplemental Table 2 , available at www.jneurosci.org as supplemental material). Similar results were obtained when we assayed transcompartmental capture of L-LTP in the basilar dendritic compartment and L-LTP was induced in the apical dendritic compartment (supplemental Table 3 , available at www. jneurosci.org as supplemental material). Figure 7D summarizes these findings and highlights the inhibitory effects of KT5720 and anisomycin in the different experimental conditions used in our study. Transcompartmental capture, therefore, appears to share the same molecular mechanisms, dependence on PKA activity, and protein synthesis, as intracompartmental capture (Barco et al., 2002) .
Discussion
Synaptic tags, synaptic capture, and dendritic compartment-specific signals The term synaptic capture describes the ability of gene products (mRNAs and proteins) newly synthesized in the cell body to be used productively by those synapses marked with an activitydependent tag Morris, 1997, 1998b; Martin et al., 1997) . A number of studies in Aplysia and in the stratum radiatum of the hippocampus support this model and identified some of the molecular events involved in this process (Barco et al., 2002 (Barco et al., , 2005 Dudek and Fields, 2002; Martin and Kosik, 2002) . They show that it relies on four critical activity-mediated cellular mechanisms: (1) synaptic marking, (2) nuclear activation, (3) translation activation, and (4) synaptic capture of new gene products. Here we extended previous studies on synaptic capture in two ways: (1) we investigated the interaction between two inputs within the stratum oriens, and (2) we explored the interaction across the apical and basilar dendritic compartments of CA1 neurons. We found that, despite the differences in the mechanisms for induction and expression of LTP in basal and apical dendrites (Arai et al., 1994; Leung and Shen, 1995; Otani et al., 1995; Haley et al., 1996; Son et al., 1996; Cavus and Teyler, 1998; Kloosterman et al., 2001; Kawakami et al., 2003; Kramar and Lynch, 2003) , E-LTP, L-LTP, and intracompartmental capture of L-LTP in each dendritic compartment could be induced with the same kind of stimulation protocols. In addition, we observed that the capture of L-LTP across dendritic compartments required a stronger marking stimulation than that required for the capture of L-LTP within the same compartment.
One possible explanation for this difference is that these two forms of capture require different types of synaptic tags. Although this option cannot be ruled out, three independent lines of evidence suggest that, in the apical and basilar dendritic compartments, tagging and capture share the same mechanisms: (1) intracompartmental capture of L-LTP was similarly elicited in both dendritic areas; (2) experiments using strong antidromic stimulation of CA1 pyramidal cells (Dudek and Fields, 2002) showed that E-LTP-inducing stimuli can successfully capture L-LTP in either the basilar or the apical dendritic compartment; and (3) experiments with VP16-CREB mice, in which CRE-driven genes are already expressed, provided similar results and led to the same conclusions as antidromic stimulation. Together, these data indicate that 100 Hz train is sufficient to set a synaptic tag within any compartment.
Synaptic tagging is, by definition, a local event restricted to the stimulated synapses and should not depend on how or where the synaptic activation that initiated gene induction took place. To explain the failure of one train to induce transcompartmental capture of L-LTP, we propose a model according to which the mark is compartment restricted (Fig. 8) . This dendritic compartment-specific mark might contribute to enhance both the transport of new gene products to the stimulated dendritic compartment and their use [i.e., local mRNA translation (Sutton and Schuman, 2005) ]. Interestingly, Fonseca et al. (2004) have demonstrated recently that the interaction between two synaptic inputs expressing L-LTP is also restricted to a given dendritic compartment (Fonseca et al., 2004) .
We found that an intermediate stimulation, two trains of 100 Hz, appears to be required to mark the compartment as suitable for transcompartmental capture of L-LTP by setting tags not only at the site of the activated synapses but also within that dendritic compartment. Perhaps synaptic capture depends on the activity level within a compartment, which could be reached by stimulation equal or larger than two trains of 100 Hz or after strong antidromic stimulation. It is also possible that there could be compartment-selective resources that are required for tags set by conventional one train at 100 Hz compared with two trains at 100 Hz, or that the stronger tagging stimuli, which itself induces I-LTP, leads to a different kind a L-LTP during transcompartmental capture. Thus, our findings both restrict and extend the idea of synaptic tagging of Morris (1997, 1998b) to include the existence of an additional activity-mediated mechanism that we called compartment-specific marking.
Capture of L-LTP in VP16-CREB mice and after antidromic stimulation
Our experiments using VP16-CREB mice and antidromic stimulation show that new gene products could be captured in both basilar and apical dendritic compartments with the same stimulation (one train at 100 Hz) as intracompartmental capture. Conceivably, constitutively active gene expression initiated in the absence of synaptic activity, as in the case of VP16-CREB mice, results in gene products evenly distributed within the cell by default; hence, only activation of the local synaptic tag (one train at 100 Hz) is required for capture of L-LTP (Barco et al., 2002) . Strong, nonsynaptic, antidromic stimulation of the cell body might also allow a homogeneous distribution of gene products into the cell (Dudek and Fields, 2002) . We suggest that antidromic stimulation of the soma, in addition to activating gene expression (Dudek and Fields, 2001 ), leads to activation of the compartment tag in both basilar and apical dendrites. Stimulation of the soma via signals originated in one dendritic compartment (transcompartmental experiments) also activates gene expression, but it might be insufficient to activate the compartment tag in the opposite dendritic compartment.
The mechanistic dissociation between dendritic and antidromic somatic activation might rely on the nature of the initial stimulation, i.e., synaptic or nonsynaptic (Adams and Dudek, 2005; Lee et al., 2005) . Direct stimulation of axons in the alveus would lead to antidromic stimulation of the soma of the CA1 neurons that would exceed the dendritic threshold for compartment specificity. We suggest that this antidromic stimulation might generate spike backpropagation into both dendritic compartments, therefore activating dendritic compartment tags in each one (Kloosterman et al., 2001) . Conversely, the effect of dendritic spikes of synaptic origin on compartment tags would be restricted to the same somatodendritic area.
Interestingly, the properties of synaptic capture observed in the bifurcated sensory neurons of Aplysia (Martin et al., 1997) resemble those described for intracompartmental capture in hippocampal CA1 neurons. Likely because, unlike the dendrites of a CA1 neuron, both neuronal branches of the Aplysia sensory neuron are part of the same cellular compartment or because synaptic capture in Aplysia occurred in a cellular state different as that described in this study.
What is the molecular nature of the compartment-specific mark? Conceivably, the selective and activity-mediated tagging of cytoskeleton structures (Sanchez et al., 2000; Luo, 2002; Bradshaw et al., 2003) by PKA might enhance the transport of mRNAs and proteins to dendrites containing activated synapses (Kotz and McNiven, 1994; Rodionov et al., 2003) . According to this view, the gene products induced by signals that reach the nucleus would be primarily distributed back into the same dendritic compartment in which the activation cascade was initiated, whereas little would be distributed to the other dendritic compartments that were not activated. In agreement with this view, Steward et al. (1998) found that Arc mRNA and protein accumulate selectively in previously activated dendritic domains of the molecular layer at the dentate gyrus. When Arc mRNA was induced by electroconvulsive seizure instead of by specific stimulation of entorhinal cortical projections, it was distributed homogeneously throughout the molecular layer. These different patterns of Arc mRNA distribution suggest that, after synaptic activation, the mRNA molecules entering the dendrites are actively redistributed to the activated zone and depleted from nonactivated regions (Steward et al., 1998) . Similarly, Guistetto et al. (2003) found that synaptic stimulation in Aplysia neurons strongly enhanced the transport of Ap-eEF1A mRNAs to the axon processes, whereas its transcripts tended to accumulate around the nucleus when the stimulation was restricted to the cell body.
In addition to the selective targeting of mRNA and protein, restricted or localized mRNA translation might potentially be enhanced by compartment-specific marking as suggested by the increased dependence on protein synthesis of transcom- Figure 8 . Synaptic tagging, compartment-specific marking, and transcompartmental capture of L-LTP in CA1 pyramidal neurons. The diagrams depict the cellular processes initiated by stimulation with one, two, or more 100 Hz trains. Whereas one train at 100 Hz stimulation elicits E-LTP and sets a local synaptic tag (blue circle), two trains at 100 Hz stimulation would also set a broader mark (compartment-specific marking in orange). A larger number of trains sets local synaptic and compartment-specific tags and, in addition, initiates nuclear activation (activated nucleus in yellow). The restrictions of each tagging mechanisms might confer different integrative attributes to a neuron.
partmental capture compared with intracompartmental capture. This view is also supported by studies showing that input-specific stimulation delivered to the apical dendrites causes localized mRNA translation in the same dendritic compartment (Ouyang et al., 1997 (Ouyang et al., , 1999 Steward and Halpain, 1999; Huang et al., 2005) .
Capture of L-LTP in structurally polarized cells
In total, to achieve synapse specificity in cells with a complex polar architecture, mRNAs and proteins could travel from the soma to specific synapses in the cell (mail hypothesis), a possibility that requires the existence of very elaborate mechanisms of intracellular trafficking regulation. Conversely, gene products could be distributed cell wide to fulfill the requirement of a specific set of synapses (synaptic tag hypothesis). The existence of compartment-specific tags might significantly increase the efficacy of synaptic tags without involving unknown and complicated pathways of intracellular trafficking and would enhance the efficiency of mRNAs translation and protein capture that otherwise would be degraded without use. The differential requirement for transcompartmental and intracompartmental capture enhances the integrative capabilities of hippocampal neurons, enabling CA1 neurons to integrate differently the signals arriving from apical and basilar afferent inputs by setting different thresholds for integration.
